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1.1 K3 . $X$ $X$
K3 :
(1.1) (1) $H^{1}(X, \mathcal{O}x)=0$ , (2) $K_{X}\cong \mathcal{O}_{X}$ .
(2) $X$ 2 2 $\omega_{X}$
$\omega_{X}$ $X$ 4
$H^{2}(X, \mathbb{Z})$ $H^{2}(X, \mathbb{Z})$
$\emptyset:H^{2}(x, \mathbb{Z})\cong_{L}K3:=U\oplus 3\oplus E_{8}(-1)^{\oplus 2}$
$\phi$ marking (X, $\phi$) marked K3
$U=$ 2- $E_{8}$ 8-
$M$ $M(k)$ $M$ k-
–
K3 K\"ahler (Siu) K\"ahler – Ricci-
(Yau) K3 Ricci-
K3 Abel
11. $X$ K3 $\kappa$ Ricci- K\"ahler
$\tau(X, \kappa)=1$ .
K3 K3
K3 $X$ $Sx$ Picard $\tau_{x}$
:
(1.2) $S_{X}$ $:=\{l\in H^{2}(X, \mathbb{Z});\langle l, \omega_{X}\rangle=0\}$, $T_{X}:=S_{X}^{\perp}\cap H^{2}(X, \mathbb{Z})$ .
Typeset by $A_{\mathrm{A}4}S- \mathrm{u}\mathrm{t}\mathrm{X}$
1091 1999 94-102 94
1.1. $S$ $L_{K3}$ B# $L_{K3}/S$ Z-
$(1, k)$ K3 $X$ S-K3 marking $\phi$
$\emptyset(Sx)\supset S$ marking S-K3 marking
. Dolgachev S-K3 $([\mathrm{D}])$




Marked S-K3 $(X, \phi)$
1.2.
$\pi(X, \emptyset):=[\emptyset \mathbb{C}(\omega X)]\in\Omega s$ ,
$\Omega s:=\{[x]\in \mathrm{P}(T_{\mathbb{C}});\langle x, x\rangle=0, \langle x,\overline{x}\rangle>0\}$ , $T=S^{\perp}$ .
$\phi_{\mathbb{C}}:=\phi\otimes \mathbb{C},$ $T_{\mathbb{C}}:=T\otimes \mathbb{C}$
$\Omega_{S}$ 2 : $\Omega_{S}=\Omega_{S}^{+}$ \Omega s- $\Omega_{S}^{\pm}$ IV
Nikulin S-K3 $:$ .
(1.3) $Ps:\mathcal{X}_{S}arrow\tilde{\Omega}_{S}$ .
$\tilde{\Omega}_{S}$ Hausdorff $\pi_{S}$ : $\tilde{\Omega}_{S}arrow\Omega_{S}$
1.22-elementary . $L_{K3}$
2-elementary K3
1.3. $S$ 2-elementary $S$ $S^{\vee}$
$As:=S^{}/S\cong(\mathbb{Z}/2\mathbb{Z})^{l(S}),$ $l(s)\geq 0_{\text{ }}$
$S$ $sgnS=(r_{+}(s), r_{-}(s)),$ $r(S):=rk_{\mathbb{Z}}S,$ $l(S):=\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{p}_{2}$ As
$\{0,1\}$ - \mbox{\boldmath $\delta$}s ([$\mathrm{K}\mathrm{n}$ ,
$(2.12)])_{0}$ Nikulin 2-elementary $(r_{+}, r_{-}, \iota, \delta)$
$L_{K3}$ 2- Nikulin
([N]) $T=S^{\perp}$ $A_{T}$ $A_{S}$
.
$L_{K3}$ 2-elementary K3
( $[\mathrm{K}\mathrm{n},$ \S 6] ) $L_{K3}$ $L’=S\oplus T$
Is: $L’arrow L’$ :
(1.4) $I_{S}(x, y)=(x, -y)$ $(x\in S, y\in T)$ .
Nikulin $I_{S}$ $L_{K3}$ $I_{S}$ – marking
$I_{S}$ marked S-K3 (X, $\phi$)
$I_{X}$ : $I_{X}:=\phi^{-1}\mathrm{o}$ Is $0\phi$ . $I_{X}$ $X$
Piat. $\mathrm{e}\mathrm{t}_{\mathrm{S}\mathrm{k}}\mathrm{i}\mathrm{i}- \mathrm{S}\mathrm{h}\mathrm{a}\mathrm{p}\mathrm{i}\mathrm{r}\mathrm{o}- \mathrm{S}\mathrm{h}\mathrm{a}\mathrm{f}\mathrm{a}\mathrm{r}\mathrm{e}\mathrm{V}\mathrm{i}_{\mathrm{C}\mathrm{h}}$ Burns-Rapoport Torelli
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1.2. (X, $\kappa$), $(X’, \kappa’)$ K\"ahler K3 ( $\kappa,$ $\kappa’$ K\"ahler ) $\gamma$ :
$H^{2}(X,\mathbb{Z})arrow H^{2}(X’, \mathbb{Z})$ :
(1) $\gamma_{\mathbb{C}}(\omega_{X})=\lambda\omega x’(\lambda\in \mathbb{C}^{*})$ , (2) $\gamma_{\mathbb{R}}(\kappa)=\kappa’$ .
$g:X’arrow X$ – $g^{*}=\gamma$
$I_{X}$ $X$ 12 (1), (2) $X=X’$
(1.5) $\Delta_{S}=\{d\in S;\langle d, d\rangle=-2\}$ , $\Delta_{T}=\{d\in T=S^{\perp};\langle d, d\rangle=-2\}$
$S,$ $T$ $d\in\Delta_{T}$ $d$ $H_{d}.\text{ }$
: $H_{d}:=\{x\in\Omega s;\langle x, d\rangle=0\}$ . $\Omega_{S}$ $\mathcal{H}_{M}$ , $\Omega_{S}^{0}$
:
(1.6) $\mathcal{H}_{M}:=\cup H_{d}d\in\Delta T$ ’ $\Omega_{SS}^{0}:=\Omega\backslash \mathcal{H}_{M}$ .
$\pi s(X, \emptyset)\in\Omega_{S}^{0}$ $X$ $\iota$ : $Xarrow X$ –
(1.7) $\iota^{*}=\phi^{-1_{\mathrm{O}I_{S}}}0\phi$ , $\iota^{*}\omega x=-\omega_{X}$
(1.7) 2
K3 $X$ $\iota$ $\iota^{*}$
$H^{2}(X, \mathbb{Z})$ $H_{+}^{2}(X, \mathbb{Z})$ , $H_{-}^{2}(X, \mathbb{Z})$
$H_{+}^{2}(X, \mathbb{Z})$ $L_{K\mathit{3}}$
Nikulin 2-elementary $X$ marking $\phi$
$L_{K\mathit{3}}$ 2-elementary $S$ :
(1.8) $S:=\phi(H2(+)x, \mathbb{Z})=\{l\in L_{K3;}I_{S}(l)=\iota\}$ , $I_{s:=}\emptyset 0\iota^{*}\circ\emptyset^{-1}$ .
$L_{K3}$ 2-elementary ( O(LK3)- )
K3 1 1
1.4. $\mathrm{K}3$ 2-elementary $\mathrm{K}3$




(1.9) $\mathrm{p}_{s:\mathcal{X}_{s}}0arrow\tilde{\Omega}_{S}^{0}$ , $\iota_{S}:\mathcal{X}_{S}^{0}arrow \mathcal{X}_{S}^{0}$ , $\pi s(\tilde{\Omega}^{0}S)=\Omega_{\mathit{8}}^{0}$





(1.10) $\Gamma_{S}=\{g|_{T;}g\in O(L_{K3}), g\mathrm{o}I_{S}=Is\mathrm{O}g\}$ .
$\mathrm{r}_{s}$ $\Omega_{S}$ $\mathcal{H}_{S}$ $\Omega_{S}^{0}/\Gamma_{S}$ (Baily-
Borel) $\mathcal{M}s:=\Omega s/\Gamma_{S},$ $\mathcal{M}^{0}S:=\Omega^{0}s/\mathrm{r}_{s}$
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1.3. $S- 2- \mathrm{e}\mathrm{l}\mathrm{e}\mathrm{m}\mathrm{e}\dot{\mathrm{n}}\mathrm{t}.\mathrm{a}\mathrm{r}\mathrm{y}$ K3 $\mathcal{M}_{S}^{0}$
$(X, \iota)$ 2-elementary $\mathrm{K}3$ $\iota$ Nikulin
([N], [Kn, (6.3)])
1.1. $X^{\iota}=\{x\in X;\iota(x)=x\}$ (X, $\iota$)
$X^{\iota}=\{$
(1) $\emptyset$ $(S=U(2)\oplus E_{8}(-2)\Leftrightarrow(r, t, \delta)=(10,10,0))$ ,
(2) $C_{1}^{(1)}+C_{2}^{(1)}$ $(S=U\oplus E_{8}(-2)\Leftrightarrow(r, l, \delta)=(10,8,0))$ ,




$g(S)=11- \frac{r(S)+l(s)}{2}$ , $k(S)= \frac{r(S)-l(s)}{2}$ .
(1) (2) $g(S)=0,1$
$A_{g}=\mathfrak{S}_{g}/\Gamma_{g}$ $g$- Abel $A_{g}^{*}$
$\mathcal{M}_{S}^{*}$ $M_{S}$ Baily-Borel
1.4. is: $\mathcal{M}sarrow A_{g(s)}$ :
$js:\mathcal{M}S\ni(x, \iota)arrow[Jac(x^{\iota})]\in A_{g(S\rangle}$ .
JJac(X $X^{\iota}$ Jacobi $is$ $\mathcal{M}_{S}^{*}$ $A_{g(S)}^{*}$
1.1 (2) $is$ $S^{2}(A_{1})$ ( $A_{1}$
)
1.3 – . $c_{s}$ $\Omega_{S}$ 1
$\mathcal{L}_{S}$ – $\mathrm{r}_{s}$ –
$\mathrm{r}_{s}/[\Gamma s, \Gamma_{S}]$ (Kazhdan)
$U(\mathbb{C})$ $\mathrm{r}_{s}$ \mbox{\boldmath $\chi$} $\mathcal{M}s$ $[\chi]$ $\mathcal{L}_{g}$
$A_{g}$ 1 Siegel (Siegel $\Gamma_{g}$
$g>2$ ) $\mathcal{L}s,$ $\mathcal{L}_{g}$ $\mathcal{M}_{S}^{*},$ $A_{g}^{*}$ –
14 $is$ $\Gamma_{j_{S}}$ $\mathcal{M}_{S}^{*}\cross A_{g}^{*}$
$\hat{\mathcal{M}}s$
$pr_{1}$ : $\hat{\mathcal{M}}sarrow \mathcal{M}s$
1.5. $\hat{\mathcal{M}}s$ $\mathcal{L}_{S}^{k}\otimes \mathcal{L}_{g(S)}^{q}[x]$ $(p, q)$ \mbox{\boldmath $\chi$}-
$\mathcal{L}_{S}^{k}\otimes \mathcal{L}_{g(S)}^{q}[x]$ $(p, q)$
$c_{s}$ , Hermite Bergman
Hermite (Petersson ) $\mathcal{L}_{S}^{k}\otimes \mathcal{L}_{g(S)}^{q}[x]$
$\mathcal{L}_{M}$ $\mathcal{L}_{g}$ Petersson $||\cdot||$ (Petersson )
Hermite
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2. 2-elementary $\mathrm{K}3$ Kronecker
2-elementary K3 (
) –
$(X, \iota)$ 2-elementary $\mathrm{K}3$ K\"ahler $X$ Ricci-
K\"ahler $t$- (X, u) Ricci- 2-elementary K3
$\iota$ $(0, q)$- 0q(X) :
(2.1) $\wedge^{0,q}(X)=\wedge^{0,q}(x)_{+}\oplus\wedge^{0,q}(x)_{-}$ , $\wedge^{0,q}(x)_{\pm}=\{f\in\wedge^{\mathit{0},q}(x);\iota^{*}f=\pm f\}$ .
$\Pi^{0,q}$ $(X, \kappa)$ $\iota$ 0q $\wedge^{0,q}(X)\pm$
$\coprod_{\pm}^{0,q}$ : $\square ^{0,q}\pm:=\square ^{0,q}|_{\wedge^{0,q}(x)}\pm\cdot$ 1.1
K3
2.1. (X, u) }, $\tau(X, \iota, \kappa)$ :
$\tau(X, b, \kappa):=\prod_{q\geq 0}(\det\coprod\dotplus q)^{(}0-1)^{q}q$
. $\square$
$\tau(X, \iota, \kappa)=\det\square 0,00-/\det\square \dotplus^{0}$
K3
Z/2Z- – $\overline{\tau}-$ Abel
$\mathbb{Z}/2\mathbb{Z}$- ( $\iota$ : $zarrow-Z$ )
Jacobi $\Delta-$ $\Delta_{g}(\tau)$
– –
$X^{\iota}= \sum_{i}$ Ci (X, $\iota$ ) $\kappa$
(Ci, $\kappa_{C:}$ ) K\"ahler
$\tau(C_{i}, \kappa c.\cdot)$ 2-elementary $\mathrm{K}3$ $(X, \iota)$
2.2. (X, $\iota,$ $\kappa$ ) Ricci- S-2-elementary K3 $X^{\iota}=$
$\sum_{i=0}^{k}$ Ci $\iota$ $\tau s(X, \iota, \kappa)$ :
$\tau_{S}(x, l):=vo\iota(X, \kappa)^{\frac{14-r(S)}{8}}\mathcal{T}(X, \kappa, \iota)\{_{i=\mathit{0}}\prod^{k}vo\iota(C_{i}, \kappa c_{i})\mathcal{T}(C_{i}, \kappa_{C}:)\}^{\frac{1}{2}}$ . $\square$
2.1. $\tau_{S}$ Ricci- $\mathcal{M}_{S}^{\mathit{0}}$ $C^{\infty}-$
$\tau s(X, L)$ $\kappa$
( – 22) Monge-Amp\‘ere
$\tau_{S}$
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2.2. $d_{S}=\partial_{S}+\overline{\partial}_{S}$ $\Lambda\Lambda_{S}$ $\mathcal{M}_{S}^{0}$ :
$\frac{i}{2\pi}\overline{\partial}_{S}\partial s\log \mathcal{T}_{S}=-\frac{r(S)-6}{8}\omega S-\frac{1}{2}j_{S}^{*}\omega \mathrm{e}_{g(s)}$ .
$\omega s,$
$\omega \mathrm{e}_{g}(\mathrm{s})$
$\Omega_{S},$ $6_{g(}s_{)}$ Bergman K\"ahler $is$
14
22 $T\mathcal{X}_{S}^{0}/\tilde{\Omega}s$ Ricci- K\"ahler
( – 21) Ricci- Monge-Amp\‘ere






2.2. $\gamma$ : $\Deltaarrow\Omega_{S}$ $\gamma(0.)$ $\mathcal{H}_{S}$
:
$\log^{J}\tau s(\gamma(_{S}))=-\frac{1}{8}\log|S|2+O(1)$ $(sarrow 0)$ .
2.3. $\log\tau s$ $\mathcal{M}s$ :
$\frac{i}{2\pi}\overline{\partial}s\partial s\log\tau s=\frac{1}{8}\delta \mathcal{H}S^{-}\frac{r(S)-6}{8}\omega_{S}-\frac{1}{2}j^{*}s\omega \mathrm{e}g(s)$ .
$\delta_{\mathcal{H}_{S}}$ $\mathcal{H}_{S}$ Dirac \mbox{\boldmath $\delta$}-
21 23 K3 I Ricci-
$\tau_{S}$ ALE-
(Bott-Chern )
– 22 Monge-Amp\‘ere – $C^{2}$ - Ck-
([Kb] – ) ALE-
( $[\mathrm{Y},$ \S 4--7] )
2.4. $r(S)<18$
(1) $\hat{v}_{s}$ ( $pr_{1}^{-1}$ $D_{s:}=\mathcal{H}_{S}/\mathrm{r}_{s}$ ) 1 $\hat{\mathcal{M}}_{S}$
$(r(S)-6,4)$ $\Phi_{S}$ :
$pr_{1s=||\Phi}^{*}\mathcal{T}S||^{-\frac{1}{4}}$ .
(2) $\delta\in\Delta(T)$ $\langle S, \delta\rangle$ $S$ $\delta$ 2-elementary
$\langle S, \delta\rangle$ $L_{K3}$ $\Omega_{(S,\delta\}}=H_{\delta}$ $\Phi_{\langle S,\delta\}}$ $\Phi_{S}$
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$H_{\delta}$ $z$ $H_{\delta}$ –
( $\Phi_{(S,\delta)},$ $\Phi_{S}\text{ }\Omega_{\langle s,s}\rangle,$ $\Omega s$ ) :
$\sigma_{(S,\delta\rangle}(Z)=\frac{\langle\cdot,l_{S}\rangle_{T}}{\langle\cdot,\delta\rangle_{T}}\Phi_{S}|_{H\iota}(Z)=\mathrm{l}\mathrm{i}\mathrm{m}warrow z,w\in\Omega_{S}0\frac{\langle w,ls\rangle}{\langle w,\delta\rangle}\Phi S(w)$. $\square$
Baily-Borel $\mathcal{M}_{S}^{*}$
( Zariski ) 24
2.1. S-2-e1ementary K3 $\mathcal{M}_{S}^{0}$ $r(S)>6$




(31) (1) $H^{1}(\mathrm{Y}, \mathcal{O}_{\mathrm{Y}})=0$, (2) $K_{\mathrm{Y}}\not\cong \mathcal{O}_{Y}$ , (3) $K_{\mathrm{Y}}^{2}\cong \mathcal{O}_{\mathrm{Y}}$ .
Enriques Enriques $\mathrm{Y}$
3.1.
(1) $\mathbb{Z}$- $H^{2}(\mathrm{Y}, \mathbb{Z})\cong \mathbb{Z}1\mathit{0}\oplus \mathbb{Z}/2\mathbb{Z}$ $\mathbb{Z}/2\mathbb{Z}$ $c_{1}(K_{Y})$
(2) $\phi_{\mathrm{Y}}$ : $H^{2}(\mathrm{Y}, \mathbb{Z})farrow E:=U\oplus E_{8}(-1)$ $H^{2}(\mathrm{Y}, \mathbb{Z})f$
$H^{2}(\mathrm{Y}, \mathbb{Z})$
$E$ 3.1 Enriques $L_{K\mathit{3}}=U\oplus E\oplus E$ K3- $L_{K3}$
$I$ :
(7.2) $I$ : $U\oplus E\oplus E\ni(h, m, m)’arrow(-h, m’, m)\in U\oplus E\oplus E$ .
$L_{\pm}=\{x\in L_{K3;}Ix=\pm x\}$ :
(7.3) $L_{+}=E(2)=U(2)\oplus E_{8}(-2)$ , $L_{-}=U(2)\oplus E(2)=U(2)\oplus U(2)\oplus E_{8}(-2)$ .
$S=E(2)$ $E(2)- 2$-elementary K3 $0$
$E(2)- 2$-elementary K3 Enriques $\circ$
3.2. $\mathrm{Y}$ Enriques $\tilde{\mathrm{Y}}$ $\tilde{\mathrm{Y}}$ $E(2)-$
2-elementary $\mathrm{K}3$ $\iota$ : $\tilde{\mathrm{Y}}arrow\tilde{\mathrm{Y}}$ $Y=\tilde{Y}/\iota$ $\circ$
32 Enriques $E(2)-2$-elementary K3 –
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3.1. $E(2)- 2-\mathrm{e}\mathrm{l}\mathrm{e}\mathrm{m}$.entary $\mathrm{K}3$ Marking Enriques Marking
$E(2)-2$-elementary K3 Enriques
1.3 Enriques $\lambda 4_{E(2)}=\Omega^{\mathit{0}}/E(2)E(2)\Gamma$
( )
Borcherds $([\mathrm{B}2])$ $\Omega_{E(2)}$ $\mathcal{H}_{E(2)}$
$\Lambda,$ $T$ :
(34) $\Lambda=U\oplus E_{8}(-2)$ , $T=L_{-}=U(2)\oplus\Lambda$ .
A $C_{\Lambda}$ :
(3.5) $C_{\Lambda}=\{v\in\Lambda\otimes \mathbb{R};\langle v, v\rangle>0\}$ .
A $C_{\Lambda}$ 2 : $C_{\Lambda}=C_{\Lambda}^{+}\mathrm{u}c_{\Lambda}-$ .
$\Omega_{E(2)}$
3.3. $\Lambda_{\mathbb{R}}+iC_{\Lambda}$ $\Omega_{E(2)}$ :
$\Lambda_{\mathbb{R}}+iC_{\Lambda}\ni varrow((\frac{1}{2}-\frac{\langle v,v\rangle}{2}),$ $v)\in\Omega_{E(2)}$ . $\square$
Borcherds $\Phi-$ $W_{\Lambda}$ A
Wyle- :
(3.6) $W_{\Lambda}=\langle s_{l_{1}}\cdot s_{l}(x)=x+\langle x, l\rangle l, l\in\Delta_{\Lambda}\rangle\subset O(\Lambda)$ .
A $\rho,$ $\rho’$ :
(37) $\rho=((0,1),$ $0)$ , $\rho’=((1,0),$ $\mathrm{o})\in\Lambda=U\oplus E_{8}(-2)$ .
3.1 $([\mathrm{B}2])$ . $\Lambda_{\mathbb{R}}+iC_{\Lambda}^{+}$ $\Phi$ :
$\Phi(y)=w\in \mathrm{A}\sum_{W}\det(w)e\{\rho,w(y)\}\prod 2\pi in>0(1-e)2\pi i\mathrm{t}n\rho,w(y)\}(-1)^{n_{8}}$ .
:
(1) $\Phi$ $\mathcal{H}_{E(2)}$ 1 $\Omega_{E(2)}$ 4
(2) $Imy\gg \mathrm{O}$ $\Phi$ :
$\Phi(y)=e^{2i}\prod_{r}\pi\langle\rho,v\rangle\in\Pi+(1-e)^{()(\frac{\langle r,r)}{2})}2\pi i\mathrm{t}^{r,y}\}-1\langle r,\rho-\rho’\rangle_{c}$ .
$\mathrm{U}^{+}$ A :
$\mathrm{I}\mathrm{I}^{+}=$ { $l\in\Lambda;\langle l,$ $\rho\rangle>0$ , or $l=m\rho(m\in \mathbb{Z}_{+})$ },
$\{c(n)\}_{n\geq}-1$ :
$\sum_{n=-1}^{\infty}c(n)q^{n}=\eta(\tau)-8\eta(2\tau)^{8}\eta(4\tau)^{-}8$ , $\eta(\tau)=q\frac{\iota}{24}n\prod_{=1}^{\infty}(1-q^{n})$ , $q.=e^{2\pi i\tau}$ . $\square$
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. $\Phi$ generalized Kac-Moody $([\mathrm{B}1])$
$\Phi_{E(2)}$ 61 $E(2)- 2$-elementary K3
$\Phi_{E(2)}\text{ }\Omega_{E(2)}$ $r(E(2))-6=4$
$\Gamma_{E(2)}$ 24 $\Phi_{E(2)}$ $\mathcal{H}_{E(2)}$ –
Borcherds ( 3.1) 2.4
3.2. $C_{E(2)}$ :
$\Phi=cE(2)\Phi E(2)$ .





(Jorgenson-Todorov ([J-T]) 2 Enriques
Borcherds $\Phi-$
$\mathcal{H}_{E(2)}$ ) 3.1 32
Enriques Jacobi \Delta -
32 Kronecker 2 (
$\triangle_{2}(\tau)$ 31 $([\mathrm{G}- \mathrm{N}])_{0})$
$E(2)$ $g(S)=0$ 11(2) $\Phi_{S}$
generalized Kac-Moody superalgebra Borcherds
$\Phi-$ $(r, l, \delta)=(16,6,1)$ $S$
$\Phi_{S}$ \tau - $-F$
[Y]
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